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ore system. The structural analysis of Re-rich molybdenite crystals demonstrates that they crystallize in 
the 2H polytype and not in the 3R polytype as previously hypothesized. EMPA data indicate that rheniite is 
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Abstract. The rare mineral rheniite (ReS2) has been 
found along with Re-rich molybdenite, Fe-Cu sulfides and 
oxides, in quartz veins crosscutting sericitic- and 
transitional sericitic-sodic/potassic altered granodiorite-
tonalite porphyry of the Pagoni Rachi-Kirki prospect. The 
quartz-molybdenite-rheniite veins postdate an earlier 
mineralizing event, which introduced gold-chalcopyrite 
±molybdenite in quartz- and magnetite veins associated 
with sodic/potassic-calcic alteration. A late, epithermal-
style, telluride-bearing stage, spatially related to 
carbonate-quartz veins with argillic alteration that 
contains minor amounts of Re-free molybdenite, 
overprints earlier mineralization and redistributes 
precious and base metals in the ore system. The 
structural analysis of Re-rich molybdenite crystals 
demonstrates that they crystallize in the 2H polytype and 
not in the 3R polytype as previously hypothesized. EMPA 
data indicate that rheniite is almost stoichiometric and 
that tellurides and electrum are the major carriers of Au 
and Ag in the deposit. Preliminary fluid inclusion studies 
of quartz in the rheniite-bearing veins indicate that 
rheniite (and molybdenite) likely precipitated at 350° to 
400oC during phase separation. Alternatively, rheniite 
(and tellurides) may have formed directly from the vapor 
as sublimates. 
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The porphyry-type Mo-Cu-Te-Ag-Au Pagoni Rachi-
Kirki prospect is a telescoped porphyry-epithermal 
system that contains molybdenite with up to 4.5 wt% Re 
(Arikas 1979, 1981; Melfos et al. 2001). In addition to 
Cu and Mo, the Pagoni Rachi prospect is enriched in 
precious metal tellurides, which are intergrown with 
native gold/electrum throughout high-intermediate 
sulfidation assemblages in late-stage veins (Voudouris 
2006; Voudouris and Melfos 2006).  
The present contribution documents the presence of 
rheniite (ReS2) in the Pagoni Rachi prospect. It is only 
the second known occurrence of rheniite; it was initially 
described as a fumarolic sublimate in Kudryavy volcano, 
Kuriles islands (Korzhinsky et al. 1994; Tessalina et al. 
2008).  
The presence of rheniite in the Pagoni Rachi 
porphyry-style prospect could provide information on 
the origin, transport mechanisms, and conditions of 
deposition of Re including the possibility that rheniite 
was directly deposited as fumarolic sublimates as is the 
case at Kudryavy volcano. 
 
 
2 Geological Setting 
 
Porphyry and epithermal prospects in northeastern 
Greece formed in the Tertiary during generation of 
widespread intermediate magmatism that accompanied 
the final extensional stage of orogenic collapse in the 
Rhodope Massif (Pe-Piper and Piper 2002; Marchev et 
al. 2005).  
The geology of the Pagoni Rachi-Kirki area consists 
of Tertiary volcanosedimentary rocks (Fig. 1), as well as 
subvolcanic stocks and dikes of intermediate to felsic 
composition and subalkaline to alkaline character 
(Arikas and Voudouris 1998). An Eocene basal clastic 
formation is overlain by a volcanic sequence consisting 
of lava domes, flows and pyroclastic rocks of andesitic 
to dacitic composition. Dioritic and monzodioritic bodies 
are accompanied by the intrusion of subvolcanic 
amphibole-biotite dacitic andesites (Arikas 1981). The 
latter (re-classified as a granodiorite-tonalite porphyry 
during the present study), is the main rock type in the 
study area and hosts the Pagoni Rachi prospect. All rock 
types are cut by quartz-feldspar porphyry dikes, which 
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Figure 1. Generalized geologic map of the Pagoni Rachi area 
(modified after Arikas 1979) 
 
 
3 Mineralization and Alteration 
 
Alteration types and vein cutting relations at Pagoni 
Rachi suggest that mineralization in the prospect formed 
during four paragenetic stages. From early to late these 
stages are: (a) quartz- and magnetite-bearing veins with 
sodic/potassic-calcic alteration; (b) quartz-molybdenite 
veins with transitional sodic/potassic-sericitic or sericitic 
alteration; (c) pyrite veins with sericitic alteration, and 
(d) quartz-carbonate base metal-rich veins with argillic 
alteration. Alteration assemblages and vein terminology 
are recognized and distinguished according to Seedorff 
et al. (2005) and references therein.  
Magnetite-actinolite and quartz±magnetite±actinolite 
dominated veinlets (termed M- and A-veins, 
respectively) formed contemporaneously with 
sodic/potassic-calcic alteration. Locally, these veinlets 
also contain albite, epidote, and chlorite. Magnetite, 
bornite, chalcopyrite, molybdenite, pyrite, and electrum 
occur in the veins. Electrum (up to 22.9 wt % Ag) occurs 
at the margin of chalcopyrite (Fig. 2b, Table 1). The 
sodic/potassic-calcic alteration grades outward into a 




Figure 2. Photomicrographs of sulfide, sulfosalt and telluride 
ore paragenesis in Pagoni Rachi: (a) Electrum (El) at the grain 
boundaries between chalcopyrite (Ccp) and epidote (Ep) in 
association with K-feldspar (Or). Bornite (Bn) coexists with 
chalcopyrite (Ccp); (b) Hessite (Hs) and petzite (Pz) included 
in tennantite. Galena (Gn) is also present.  
 
M- and A-type veins are crosscut by fault-controlled, 
NNW-SSE trending stockworks of quartz-molybdenite 
rich veins that contain Re-bearing molybdenite and 
rheniite (Fig. 3), along with pyrite, chalcopyrite, and 
minor amounts of pyrrhotite, galena, bornite, hematite, 
ilmenite, and Bi-tellurides. Structural studies suggest that 
Re-molybdenite from Pagoni-Rachi has the 2H structure 
rather than the 3R structure, which is in contrast to that 
proposed by Newberry (1979a, b) who suggested that the 
3R structure of molybdenite was caused by high amounts 
of trace elements, especially Re.  
 Rheniite contains small amounts of Mo, and minor 
Cu (Table 1). Pure PbO, Sn-bearing PbO, wulfenite and 
anglesite also occur in these veins and are considered to 
be primary phases (Fig. 3b). The quartz-molybdenite 
veins have internal banding, and are filled with sericite, 
chlorite, fluorite, and carbonates. These B- and C-type 
veins are best developed in a sericitic and/or transitional 
sodic/potassic-sericitic alteration zone. Some planar 
veins of pyrite with subordinate quartz and muscovite 
that occur parallel to the NNW-SSE fault systems can be 
classified as D-type veins.  
Several carbonate-milky quartz polymetallic veins (E-
type), overprint earlier alteration and mineralization, and 
represent the last vein event at Pagoni Rachi. They fill 
steeply dipping extensional fractures and minor faults, 
typically trending NNW-SSE and ENE-WSW. These 
veins are spatially associated with argillic alteration 
(quartz, sericite, carbonate, and kaolinite), and include 
sulfides (pyrite, chalcopyrite, sphalerite, galena, bornite, 
and minor molybdenite), sulfosalts (bismuth sulfosalts, 
tetrahedrite-group minerals), tellurides (hessite, stützite, 
petzite, and altaite) and native elements (electrum and 
native tellurium) (Fig. 2b). Barite, sericite, kaolinite, and 
calcite are minor gangue minerals. Representative EMPA 
compositions of precious metal tellurides and electrum 




Figure 3. Photomicrographs (Back-scattered electron images) 
of molybdenite- and rheniite-bearing assemblages in quartz 
(Qtz) veins from the Pagoni Rachi prospect: (a) Re-bearing 
molybdenite (Mlb) intergrown and surrounded by rheniite 
(Rhn); (h) molybdenite (Mlb) with intergrown rheniite (Rhn) 





The results of the present study show that for Re-bearing 
molybdenite with Re contents (of the order of percent 
Re) in excess of those studied by Newberry (1979a, b) 
that they are the 2H polytype. 
The presence of rheniite in Pagoni Rachi suggests that 
the hydrothermal fluids were supersaturated with respect 
to rhenium sulfide. Xiong and Wood (2002) argued that 
ReS2 is the solubility-controlling phase in sulfur-
containing, reducing environments but they also 
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proposed that mixing of an oxidized, rhenium-bearing 
chloride solution and a low-chloride solution with 
reduced sulfur is one of the most effective mechanisms 
for depositing Re in porphyry systems. In addition, the 
slight prograde solubility of ReS2 between 400° and 500 
°C might explain the observation that molybdenite 
deposited at higher temperatures has lower Re 
concentrations (Xiong and Wood 2002). 
Preliminary fluid inclusion studies of quartz in the 
Re-bearing molybdenite-rheniite veins at Pagoni Rachi 
show that rheniite and molybdenite may have 
precipitated as temperatures fell below 400°C during 
phase separation at relatively oxidizing conditions, 
elevated chlorine activity, and from relatively acid 
hydrothermal solutions, at conditions similar to those in 
the experiments of Xiong and Wood (2002). 
 
Table 1. Representative electron microprobe analyses of 
rheniite, tellurides and native elements  
 1 2 3 4 5 6 7 
Au nd 0.24 0.36 0.33 25.32 74.27 36.44
Ag nd 59.79 61.96 59.42 42.50 24.34 58.98
Bi nd nd nd 0.06 nd nd 0.17
Cu 0.51 3.28 2.59 nd nd 1.96 bd
Pb nd nd nd 0.17 nd nd 3.61
Te nd 35.95 35.35 41.19 31.90 nd 0.03
Se nd bd bd 0.09 bd nd 0.02
Mo 1.38 nd nd nd nd nd nd
Re 73.62 nd nd nd nd nd nd
S 25.01 0.71 0.16 0.12 bd nd 0.51
Total 100.52 99.97 100.42 101.38 99.72 100.57 99.76
Atoms 3 3 3 8 6 1 1 
Au - 0.004 0.006 0.015 1.012 0.595 0.240
Ag - 1.829 1.922 5.002 3.099 0.356 0.710
Bi - - - 0.002 - - 0.001
Cu 0.020 0.170 0.136 0.000 - 0.048 0.000
Pb - - - 0.007 - - 0.023
Te - 0.929 0.927 2.931 1.967 - 0.000
Se - 0.000 0.000 0.010 0.000 - 0.000
Mo 0.036 - - - - - -
Re 0.990 - - - - - -
S 1.954 0.072 0.017 0.034 0.000 - 0.021
1 Rheniite; 2,3 Hessite; 4 Stützite ; 5 Petzite; 6 Electrum 
(sodic/potassic-calcic); 7 Electrum (carbonate-quartz veins); 
n.d. not determined.     
 
Alternatively, rheniite and tellurides at Pagoni Rachi 
may have formed directly from the vapor as sublimates 
in a manner similar to the one described in the Kudryavy 
volcano, Kurile islands (Tessalina et al. 2008).  
Stein et al. (2001) suggested that molybdenite in 
porphyry-style deposits possesses high Re contents if the 
deposits are genetically related to the melting of mafic or 
ultramafic rocks, or if the source rocks involve mantle 
underplating or metasomatism. The Re enrichment in the 
mantle wedge is probably due to fluids released from the 
subducted slab (Sun et al. 2003). De Boorder et al. 
(1998) suggested that the late Cenozoic hydrothermal 
mineral deposits of the European Alpine belt, including 
the northern Aegean region, are related to the 
emplacement of hot asthenosphere into shallow crustal 
levels above a detached lithosphere plate. Such a process 
would explain the very high Re concentrations in 
molybdenite from the Pagoni Rachi prospect and 
elsewhere in northen Greece (Melfos et al. 1991, 2001).  
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